Red waters caused by non-toxic blooms of the planktonic, phototrophic ciliate Mesodinium rubrum (Lohmann) have been reported to occur around the world, from estuarine areas to up upwelling systems. These blooms show high values of chlorophyll a concentration, up to 1000 µg l -1 and equally high rates of primary production (Taylor et al., 1971 , Lindholm, 1985 . M. rubrum is an obligate phototroph due to the presence of a cryptomonad as an endosymbiot (Hibberd, 1977) . Although the strong symbiosis between the ciliate and its host assures an autotrophic function, in general it is not commonly included as a phytoplankter. On the other hand, studies of the overall phytoplankton assemblage have shown that M. rubrum is an important community member in coastal ecosystems (Crawford, 1989) . Thus, in spite of this ciliate being a very conspicuous and common species, most of the information about its distribution or its role in the plankton is based on opportunistic observation during bloom events.
M. rubrum is a common species along the southern Brazilian coast (Odebrecht & Garcia, 1998) .
In the Patos Lagoon, an estuarine environment, M. rubrum can be found all year around and can dominate the community with densities up to 1.3 x10 5 cell l -1 (Abreu, 1992) . Along the coast of São Paulo, a highly constrained subsurface red water of M. rubrum was observed, in association with calm and sunny weather (Owen et al., 1992) . On the Santa Catarina coast, M. rubrum was frequently described as occurring in low densities in the Conceição lagoon, being more important in autumn and winter months (Odebrecht, 1988) . This paper reports an episodic red water event caused by M. rubrum on the northern coast of Santa Catarina.
The northern coast of Santa Catarina is characterized by the presence of several coastal features, such as shoal bights, estuaries, lagoons and sandy beaches. Three main water masses occur in the region. The extension of the Coastal Water, with low salinities (< 34) and temperatures varying from 19 to 28 o C, is influenced by fresh water runoff. The Shelf Water (SW) has higher temperature and salinities (> 35) and occurs farther off the coast. The South Atlantic Central Water (SACW) is a colder, saltier and deeper water mass and is observed closer to the surface in the summer and spring (Schetinni et al., 1999) . The local major fresh water input, with an average flow of 247 m 3 s -1 , comes form the Itajaí-Açu river that forms a partially stratified estuary (Fig. 1) . Under some conditions, a very conspicuous plume extends from the Itajaí-Açu river mouth forming important gradients of salinity, nutrients, suspended matter, phytoplankton biomass and other factors (Schettini et al., 1998) . Previous survey of phytoplankton biomass in six bight used for mussel culture, have showed a moderate trophic grade, with values ranging from less than 1 to about 11 µg l -1 . The red water was first noticed on the 16 th of August 2001 at the mouth of the Itajaí-Açu River and water samples were taken in the following day, on 17 th . Samples were also collected one week later, on August 24 th after the passage of a cold frontal system, when the red water had disappeared. Sampling sites and frequency were determined in an opportunistic way to characterize the event. During the red water episode, five sites were sampled using a small boat: two inside the red water (#Rw1 and #Rw2) and tree outside (two inside the river, #1 and #2) (Fig. 1) . On August 17 th water for chlorophyll a (Chl a) and nutrients were collected using a Niskin bottle at 0, 3, 6 and 9 m (bottom) depth. Salinity and temperature were profiled using a CTD (Sensordata SD202). During the second sampling day, water samples were only collected at 4 sites at 0, 3 and 9 m depth. Unfortunately CTD data was lost, and salinity was measured late on nutrient samples from discrete depths using a refractometer. Nitrate plus nitrite, ammonium and phosphate were analyzed by colorimetric methods according to Strickland & Parsons (1972) . Chl a was determined on acetone extracts using sonication of the material retained on GF/C fiber glass filters (2.5 cm) by isocratic reversed phase high performance liquid chromatography (HPLC) analysis (Mantoura et al., 1997 , modified by Proença, 2002 . Chromatography was carried out in a Shimadzu system with fluorescence detection (FR551), using a ODS Shimpack column (4.6 x 40 mm, 3 µm of particle size). The system, set to run for 4 minutes, was calibrated with pure Chl a and no attempts were made to characterize other pigments. For cell counts, samples were preserved in 1% Lugol´s iodine solution in amber glass bottles and enumerated by the inverted microscope technique (Utermöhl, 1958 ) using a 2.9 ml sedimentation chamber. Cells were enumerated at 200 x magnification in the whole chamber or its fraction, for samples taken outside and inside the red water, respectively. The two days sampled showed different conditions despite being just seven days apart. Weather conditions changed after the passage of a cold front, from warm and calm days, not so typical of winter conditions, to cold and turbulent situation with southerly prevailing winds (Fig. 2) , causing a drop in the average daily air temperature from 21.5 to 14.9 in 3 days. During the red water the water column was stratified with a surface temperature (21.1 o C) 2.9 degrees higher than at the bottom (18.2 o C) (Fig. 3A) . The values for salinity were lower on the second day sampling, showing a greater riverine influence and changes in water column stability (Fig. 3B,C) .
The first sampling day was characterized by heavy water discoloration with cell densities up to 4.4 10 6 cell l -1 of M. rubrum (Fig. 4) . M. rubrum was concentrated at the surface and decreasing with depth in the water column. Below the surface, cell number decreased to 0.1 and to 0.3 10 6 cell l -1 at the sites located in the river and off the patch, respectively. Similar densities of M. rubrum were described in a red water event on the coast of São Paulo (Owen et al., 1992) , but within a very vertically constrained patch (30 cm) associated to a thermocline. The concentration in a layer, as observed in São Paulo, is possible for this species due to it ability to swim and migrate within the water column. The maximum Chl a measured was 66.8 µg l -1 at the site #Rw2 (Fig. 5) . Although this is a high value for the region (Proença 2002) , it is well below the 1000 µg l -1 , reported for upwelling systems (Smith & Barber, 1979) , but similar to those described in other reports on M. rubrum red water (Taylor et al., 1971 , Lindholm, 1985 , Crawford et. al., 1997 , Owen et al., 1992 .
Present data indicates that changes in the oceanographic conditions during the passage of a cold front were sufficient to cause the bloom dispersion. In general, the water column stability plays an important role in the red tide formation. M. rubrum, similar to dinoflagellates, has the ability to swim through the water column and concentrate in the surface waters causing water discoloration. Its behavior has been assumed to consist of an upward phototaxis, followed by downward migration, or dispersal, at night (Sousby et al., 1984) . This ability was clearly shown in the red water described in São Paulo, where data showed that the red water was constrained within a 30 cm thick layer (Owen et al., 1992) . Different factors, such as light penetration and the tidal cycle, may also affect its vertical distribution, as observed in the Southampton Water Estuary, where M. rubrum regularly causes red tides (Crawford & Purdie, 1992) . Synchronized vertical migration to the tidal cycle has been indicated to be a mechanism to avoid flushing from that estuary, where the red tide can persist for several weeks during the summer (Crawford et al., 1997) . Nutrient concentration was lower during the bloom than after the passage of the cold frontal system (Fig. 6) . It cannot be assured that lower values were caused by phytoplankton uptake because the short period of bloom stand and the environmental complexity of the region. The region is subject to severe changes according to other variables, such as runoff or tidal level, including sometimes the presence of a well-developed plume (Schettini et al., 1998) . In Southampton Water, UK, where the bloom occurs for several weeks, NH 4 + is almost totally removed while some NO 3 -persisted (Crawford et al., 1997) . During a red water event in São Paulo, vertical profile differences were not large, apart M. rubrum density and the presence of sharp thermocline (Owen et al., 1992) . In that case, the relatively higher NH 4 + concentration value found at maximum M. rubrum layer was attributed to zooplankton excretion. In present, nutrient values found were similar to those previously observed in earlier works, even the high NH 4 + concentration (up to 44,18 µM) that has been associated to fresh water runoff and anthropogenic input (Pereira Filho et al., 2003) . Principal component analysis applied to the data set summarizes the relationships among the observed variables (Fig. 7) . The plot of the two main axes, which represented 67% of total variability, shows that biomass and cell densities were opposed to nutrients. Nutrients, on the other hand, were inversely related to salinity. The direct effect of the nutrient input associated to fresh water on phytoplankton biomass development is a common feature in coastal areas and have been observed in the region before (Proença, 2002) .
The red water was not caused by a single species, as the dinoflagellate Prorocentrum micans also occurred in high numbers. P. micans is a cosmopolitan, planktonic, neritic species, with estuarine and oceanic distribution, commonly occurring in the studied area. M. rubrum was dominant only in the red water, while P. micans was present in surface waters of all sampled sites with relatively high numbers. In spite of being in side or outside the red patch, P. micans counts were always high, as 5. 7 10 4 or 3.6 10 4 cell l -1 , respectively. In both cases, higher abundances were found closer to the surface. Other organisms also co-occurred in low densities, including diatoms, dinoflagellates and other ciliates, that were not identified.
Some algal blooms or red tides are associated with several sorts of harmful impacts to human or biota. Although there is no evidence for toxin production, a few harmful effects have been associated to M. rubrum, such as changes on water column properties, i.e. water oxygen depletion after bloom collapsing. Crawford et al. (1993) suggested that bacteria stimulated by blooms of the ciliate could affect wild oyster beds in the Solent, southern England. Descriptions of harmful impacts of P. micans blooms, which also occurred at high densities, are also rare. It has occasionally been associated with human shellfish poisoning or with aquatic organisms mortality, but potential toxins have not been identified (Landsberg, 2002) . In the present event, no evidence of a harmful effect was observed.
Besides the dominance of these two species, relatively high densities of the dinoflagellates Dinophysis caudata and D. acuminata were also found. These species have been related with diarhetic shellfish poisoning, (DSP). DSP events have been identified in Santa Catarina and D. acuminata pointed as one of the causative species (Proença et al., 1999) . Although we did not analyzed the presence of okadaic acid or other toxins, if we consider the amount of 2.7 pg of okadaic acid per cell (Proença et al., 1999) and the maximum of D. acuminata found at the red water (2.4 x 10 3 cell l -1 ), the toxin concentration would be around 6.5 ng l -1 , indicating that mussels exposed to this condition would be contaminated with DSP toxins. This was the first report of red water caused by blooms of M. rubrum in the northern coast of Santa Catarina. Aerial survey showed that the red water extended in patches for more than 10 km along the shore, making this a conspicuous event. Other blooming species have been observed the since 1995 (Proença & Rörig, 1995 . As several toxin producing algae have also been observed, the present results confirm the possibility of an occurrence of a toxic event associated to the Itajai-Açu estuary. The characterization and monitoring of algal blooms is important for the area, as a large mussel culture is located northwards, at Armação do Itapocoroy, and could be seriously affected by a toxic event.
